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Electric Field Effect in Atomically Thin Carbon Films

K.S. Novoselov‘, AK. Geirnl, S.V. Morozm;, D. Iiangl, Y. Zhaugl, S.V. Dubonosl, I.V.Grigorieval, A.A. Firsov’
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nstitute for Micraelectronics Technology, 142432 Chernogolovka. Russia

We describe monocrystalline graphitic films, which are just a few atoms thick but nonetheless stable
under ambient conditions, metallic and of remarkably high gquality. The films are found to be a two-
dimensional semimetal with a tiny overlap between valence and conductance bands and to_exhibit a strong
ambipolar electric-field effect such that electrons and holes in concentrations up to 1 0%em” and with room-
temperature mobilities ~10,000 cm’/Vs can be induced by applying gate voltage.

One-sentence summary: We report a 1} Ting two-di ional material — grapt that can be viewed as a
gigantic flat full lecule, — describe its elect: properties and demonstrate all-metallic field-effect transistor,
which uniquely exhibits ballistic transport at submi di even at room temp 3

The ability to control clectronic propertics of a material by externally applied voltage is at the heart of
modern clectronics. In many cases, it is the so-called electric field effect that allows one to vary the carrier
concentration in a semiconductor device and, consequently, change an electric current through it. As the
semiconductor industry is nearing the limits of performance improvements for the current technologies
dominated by silicon, there is a constant search for new, non-traditional materials whose properties can be
controlled by the electric field. The most notable examples of such materials developed recently are organic
conductors [1] and carbon nanotubes [2]. It has long been particularly tempting to extend the use of the field
effect to metals (e.g., to develop all-metallic transistors that could be scaled down to much smaller sizes and
also have the potential to consume less energy and operate at higher frequencies than traditional
semiconducting devices [3]). However, this would require atomically thin metal films because the electric
ficld is screened at extremely short distances (<1 nm) and bulk carrier concentrations in metals are large
compared to the surface charge that can be induced by the field effect. Films so thin are thermodynamically
unstable and become discontinuous already at thicknesses of many nm: so far, this has proved to be an
insurmountable obstacle to metallic electronics and no metal or semimetal has been shown to exhibit any
notable (>1%) field effect [4].

Here we report the electric field effect in a naturally occurring two-dimensional (2D) meterial that we
refer to as few-layer graphence (FLG). Graphene is the name given to a single layer of carbon atoms densely
packed into a benzene-ring structure. This hypothetical material is widely used to describe properties of
many carbon-based materials, including graphite, large fullerenes, nanotubes, ete. (e.g.. carbon nanotubes are
usually thought of as graphene sheets rolled up into nm-sized cylinders) [5-7]. Planar graphene itself has so
far been presumed not to exist in the free state, being rather unstable with respect to the formation of curved
structures such as soot. fullerencs and nanotubes [5-14]. Contrary to the common belief, we have been able
to prepare graphitic sheets of thicknesses down to a few atomic layers, including single layer graphene, and

A2 3
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Abstract:

Epigraphene is graphene that it grows epitaxially on electronics grade silicon carbide substrates. T
epigraphene layer to grow on the silicon SiCis bonded to
and a i However, methods cause disorder in the bonding to
resulting in high density of low mobility states in the band gap making it unsuited for electronics. R

face of

methods remedied this problem to produce bona fide semiconducting epigraphene (SEG) on near-
terraces with a room temperatures mobility exceeding 5000 cm2V-1s-1 [1] which is at least 20 larg
SEG is readily
and other materials as well [2].

theoretically possible with any other current 2D

to quasi-

by i of hy
The epigraphene edge state (EES) is a single channel (G=1 e2/h) zero-mode of epigraphene ribbc
y ballistic Room

mean free paths (mfp) exceed 1 mm, in contr
the epigraphene is =20 nm. The EES was first observed in 2010 on in epigraphene ribbons grown
SiC substrate steps and recently shown also to exist on planar SiC surfaces [3]. The EES does no
voltage and pins the Fermi level at EF=0 so that EES transport involves the O-energy flat band ratt
dispersing bands near E=0 as originally predicted (the latter do generate a Hall voltage and have c
G=2 e2/h). The EES is also observed in q i produced by hy
SEG overcomes the last remaining hurdle towards as first isi in2

gen inter
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van der Waals Epitaxy of MoS, Layers Using Graphene As Growth Templates
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FRzE IR

Total

147,135

1,789

1,197

1,136

1,067







G
i3
33
M
=

Tﬁ%% ﬁm@A

OB RELESE -
A G EREL T

AASRACH -
?E7I‘7I<L$E ?ﬁ
ﬂ%*ﬂ* S
F ,%‘t

MM%K MZBEHSE I

‘|

{BEiiﬂ.LEﬁRﬂEl Using the Advanced Search Query Builder - 151


https://www.youtube.com/watch?v=a4_PKfrYjsY
https://www.youtube.com/watch?v=a4_PKfrYjsY

B’f%?‘j“t

1 SESRREAE T A ENEtES”

‘ ETER v

&5 : liver disease india singh ‘ shjmAs et

2 VDB - BEREAEAMEEASERT ;
EHRR & Bo R ﬂ? ﬁ%i%lﬁ
‘ oS A SBTRTAVESSY - METILUES SEATRVIRTE » BIAT 45 AND 2 BukE:

- e Ts=1f o SA=fiiSfiir o DOP=HAREM
x B BE o T=EE o Ci=¥im e LD=E3|HH
o AB=HE o PS-% ° PUBL=ARE

o AU=[{EE] o CU=EXR/ME o ALL=FTERL

o AITEEBRIE o ZP=BEER o FPY=REHAR
o AK={EZERZF o FO=EHEE £
o GP=| EE%’E%] o FG=E2=EME o EA-EERE

o ED=iRE= £
© KP=Keyword o FD=BHFHAE o SDG=HKEHE
Plus® =
© Sél:[mlﬁ:‘fﬁ% o FI=ERX= o TMAC=Citation
=] o SU=BTZELE Topics ZEE
° DO=DOI o WC=Web of &
o PY=HRES Science 5B @ © TMSO=Citation
° g;zi%ﬁ@ © 1S=ISSN/ISBN ggpicsEPEE
I *A /_\*A g =3 = o UT=E5% -
T ° OG=[FERIE = o TMIC=Citati
3 L/( E Hu 1,EB EX q: E,J Ibls/gx B 128 >R =A< o oo—gﬁ 1 e EJMID fublied Topicslmﬁ%‘
o SG=RIREE &

O T EperpEsy

R TR PRB RIS -

O o/6

[0 6  Autism or Aspel =R/ HE) 1,196 SisEAIEYS @ J/ A

EwEAAHELT 152






ZNEMEREEZE

v
=

& WOS EitlJE
PSRRI ES | A UIER
NEFNR - SEE EI%# XE b hR 2 {F RY
SENR  F3E 'T“Eﬁ

SH - HESS

NG E ) =
ANV B B BB 25| SRR
AEEE ( HWaRERSIAES )

Cited Reference

What is a Cited Reference Search? 161

EwEAAELT


https://www.youtube.com/watch?v=E1Vzom5mHUg
https://www.youtube.com/watch?v=E1Vzom5mHUg

\

SZ X iR L[]
| me #R Ee 2018-08-14

EARHREETEMIRERENSE >0 SEWE [BES) HR | EERE
BZA\E1E

HEEAKZEERNEERERE  BKESERERERE » BB ESiE
M2 # (Hans Asperger) AEERIZHSHNEMEES > RAEHREE AR
BREAERET > HEUEAMALE FEARMELHRANZTEALE » [FREH
BEERANEESIRFRZT > EHNERERBREEEREMARETR » UBSB
BEEE R R TEEHRMRE] B4 o
EBEF 2K Edith Sheffer R FHtE B2 8T BB R HTBERIE » MNFEEEEAE
BEABFITER - TEERMFIFIEE Herwig Czech RITEEMNIEARIEESE
T BB EAENANEZEAREHERNOSEE > SHNAR—BEX—ERAEH
RYEAR ©

i
il
&

o (F R

IRE—XEAN > ERMRZHMEEZPERMNXY > EEMEK2EE=FH
HERELESTE o | Sheffer EE IR TEEE)] BEWHBER 0 > MARREES
ZIARE o AT R RZEIBRFIE Asperger's Children: The Origins of Autism
in Nazi Vienna » &S FEMEEE 62

EEEAHRL T


https://www.storm.mg/lifestyle/476198
https://www.storm.mg/lifestyle/476198

SZENRBERBE L[]

2 Clarivate

Web of Science” WE @) JamieYan v

i MEAE

u
m
i

sg8
%S0 E : Web of Science #Z/LEEE v ZEE : 2selected v 0==

Conference Proceedings Citation Index - Social Science & +
(CPCI-S5H)--1990-BE &1

Book Citation Index - Science
(BKCI-5)--2005- B &1

<
o
e
liis
s
&
6
o
45
i
il
<

Book Citation Index - Social Sciences & Humanities
(BKCI-SSH)--2005-B &1

<]

Emerging Sources Citation Index

EHRERAEEAER (ESCI)--2005- E &1

AEEHTR/ARAEEZH

Current Chemical Reactions
(CCR-EXPANDED)--1985- 5 &1

J 0 04

Index Chemicus

¢S54 - liver disease india singh

‘ Asperger's Children: The Origins of| *

‘ FREET v

BENECE

ISR SRR . [ o

4x

7w A

164

EEEAHRL T



EwEAAHELT

SEXRBEERT

YE EEERE (LE4EE
HIEEE - UEKEHERN  BFEFEOHESER

Ol Andv || ESIBEE v WoSHIHI B - XRIIEERE

ol mdv || wzimES . XLV RERIIRN LA - o REAED
+ 375 H + SR EMEE \

How to do a Cited Reference Search -

165


https://www.youtube.com/watch?v=KHlCsHH2L5c
https://www.youtube.com/watch?v=KHlCsHH2L5c

Web of Science”

=<

hEm

al
9

EEEAHRL T

SZENRBERBE

BE

Tk

=S E . Web of Science /LB v FE . 2selected v

XEN  EENERE LBEEE

MEAE

wWoI A= v || 56l : Peterson S* Az
r S84 : adv* food* res*

©| And ~ ‘ WS HEE & Asperger's Children: The Origins of Autism in Nazi Vienna Az X
@/ And~ ‘ WEIAES ~ || Zfl : 2013-2014

BN

How to do a Cited Reference Search -

B - -+

® Jamie Yan v

166


https://www.youtube.com/watch?v=KHlCsHH2L5c
https://www.youtube.com/watch?v=KHlCsHH2L5c

SZNRBERBIE

Web of Science” e ® Jamie Yan v

ELISEVERE > WSISEUE

2RSS ENR
$H2: EIEFEPENEASREBNFENEFETORSIASEXR REERER -

& BRI RIERE

v WSIRFEE ®SIFEF = i i =i ] BH A SIFE

ASPERGERS CHILDREN
Sheffer, Edith ~ 0 2018 1

Asperger's Children:

The Origins of Autism in
Sheffer, Edith. ~ Nazi Vienna 2018

w

BERES 50 v

167

EEEAHRL T



2ZE N RMEZRER - HHEH S
>
= (1] 1] — £%
= % Ek y Ty St al
Web of Science” fiIES ® Jamie Yan
=% FESISZ A= > WSISEE > SIAxE»> SIEXE
]

O
®

EwEAAELT

Web of Science /LS EEFHE 72 = I B R - © EHEHE R
Q, Asperger's Children: The Origins of Autism in Nazi Vienna (55| B=1E) SITER HEbdE S BIaH

RmER Oomn | wigzasss H B ] B IS SRR BEEL - < 1 o/2 0

EERARE..
imasE [J 1 Let'snotgo back to 'normal’! lessons from COVID-19 for professionals working in 53
i (5] childhood disability SIFAsE
0 B #ex= : ags Tl =5 "= fa ZAA = T, B = 45 11
0 © tartyAccess 2 ZMAZELOE "ER” | AtSREREIFNEEAER PR
O & =uEs 29 *m 10O
Purpose
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Czech,H
Sep 2019 | JOURNAL OF AUTISM AND DEVELOPMENTAL DISORDERS + 49(9), pp.3883-3887

In her recent paper Non-complicit: Revisiting Hans Asperger's Career in Nazi-era Vienna, Dean Falk claims to refute what she calls
allegations' about Hans Asperger's role during National Socialism documented in my 2018 paper Hans Asperger, National
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Falk, D
Jul 2020 | JOURNAL OF AUTISM AND DEVELOPMENTAL DISORDERS * s0(7), pp.2573-2584

Recent allegations that pediatrician Hans Asperger legitimized Nazi policies, including forced sterilization and child euthanasia,
are refuted with newly translated and chronologically-ordered information that takes into account Hitler's deceptive ‘halt’ to the
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Falk, D

Sep 2019 | JOURNAL OF AUTISM AND DEVELOPMENTAL DISORDERS * 49(9), pp.3877-3882

Czech's claims that my paper abounds with mistranslations, misrepresentations, and factual errors are refuted point-by-point, as
is his declaration that the paper contains no relevant or new evidence. Asperger's statements that Franz Hamburger saved him
from the Gestapo are reaffirmed and supported with a personal communication from Asperger's daught ... BTREZ
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36 Bt 288 &1 2 14

Web of Science Alert - Autism X DMN - 1results @& D “sE x a2 O

o alerts-noreply@clarivate.com Z 5z

@ SEE~

TE244 (1)ER) €A

Web of Science > Clarivate

Greetings! You have a saved search alert. View this record

Your search, autism OR Asperger (=28) and default mode network (=2&) has 1 new record since Oct
20th 2022.

Showing 1 of the 1

Sex-Dependent Structure of Socioemotional Salience, Executive Control, and Default Mode Networks in
Preschool-Aged Children with Autism

Annals Of Neurology

Showing 1 of the 1
View this record
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Woo, Patrick C. Y.. Coronavirus Diversity, Phylogeny and Interspecies Jumping
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Meng-Chuan Lai

Associate Professor

. 416-535-8501 Ext 34050
mengchuan.lai@utoronto.ca

Campus

s Centre for Addiction & Mental Health (CAMH)
» Hospital for Sick Children

Fields of Study

» Developmental
» Perception, Cognition and Cognitive Neuroscience
e Social and Personality

https://www.psych.utoronto.ca/people/directories/all-faculty/meng-chuan-lai
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Lai, Meng-Chuan @
Centre for Addiction & Mental Health - Canada
Ctr Addict & Mental Hith
TORONTO, ON, CANADA

Web of Science ResearcherlD: K-7407-2016
{EZHEFI4E: Lai,M. -C. Meng-Chuanlai E%...
217325 F): MOLECULAR AUTISM, BIOLOGICAL PSYCHIATRY, AUTISM
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Lai, Meng-Chuan
Centre for Addiction & Mental Health - Canada
Ctr Addict & Mental Hith

TORONTO, ON, CANADA

ence ResearcherlD: DTO-9008-2022
2l4=: Meng-Chuan Lai
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